Aim: To describe the frequency and temporal trends of inpatient hospitalization for tubal ectopic pregnancy as well as patients' characteristics, determinants and the current national trends in surgical management of ectopic pregnancy. Methods: We conducted a retrospective, cross-sectional analysis of patients who were treated for tubal ectopic pregnancy in an inpatient hospital setting in the United States from 1998 to 2011 using data from the Nationwide Inpatient Sample databases. National frequency and significant changes in the rate of surgical management of tubal ectopic pregnancy in the inpatient setting are described. Results: The study included 334 639 tubal ectopic pregnancies for women aged 18-50 in the United States from 1998 to 2011. The rate of tubal ectopic pregnancy (per 10 000 maternal admissions) decreased from 77.2 in 1998 to 40.5 in 2011. The proportion of tubal ectopic pregnancies for which salpingostomy was performed decreased from 17.0% in 1998 to 7.0% in 2011, while the rate of salpingectomy increased from 69.3% in 1998 to 80.9% in 2011. The temporal change in surgical choice was not different in states with comprehensive in vitro fertilization insurance mandates. Conclusion: The rate of tubal ectopic pregnancy managed in the inpatient setting in the United States decreased 5% annually between 1998 and 2011. The rate of salpingectomies performed annually increased whereas that of salpingostomy decreased over time. The surgical approach selected for the management of tubal ectopic pregnancies was not influenced by a state's in vitro fertilization mandate status.
Introduction
Ectopic pregnancy is defined as a pregnancy occurring in an anatomic site outside the uterus. Over 95% of ectopic pregnancies occur within the fallopian tube with less common sites including the cervix, ovary, cesarean scar and abdominal cavity. 1 Although ectopic pregnancies account for only 2% of all pregnancies, they are the leading cause of pregnancy-related maternal mortality in the first trimester. 2 In total, ectopic pregnancies account for approximately 6-9% of all pregnancy-related deaths 3, 4 ; therefore, early diagnosis and expedient treatment are crucial. Management options for ectopic pregnancy include expectant management (i.e., watchful waiting), medical management (methotrexate) or surgery. Surgical management can include salpingostomy or salpingectomy through either laparotomy or laparoscopy. Based on evidence indicating improved efficacy, lower cost and lessoperative risk, laparoscopy is the preferred surgical method. [5] [6] [7] In clinical practice, the choice of salpingostomy versus salpingectomy depends on many factors, including patient age, fallopian tube condition, serum levels of human chorionic gonadotropin and future fertility desire. 8 Access to in vitro fertilization (IVF) may also impact the choice of surgery. Salpingostomy may be preferable to salpingectomy in women possessing contralateral tubal pathology and other infertility factors. 9 Although salpingostomy is an acceptable surgical treatment modality for tubal ectopic pregnancy, specific complications of salpingostomy include recurrent ectopic pregnancy in the same tube 10 and the persistence of trophoblastic tissues. 11 Two recent randomized controlled trials comparing salpingotomy/salpingostomy to salpingectomy demonstrated equivalent postsurgical pregnancy rates, and one of the trials demonstrated an increased risk of residual trophoblastic tissue in the salpingotomy/salpingostomy group. 12, 13 Moreover, it remains unknown whether the availability of a statelevel IVF mandate or other patient and hospital-level factors affects decision-making regarding surgical management of tubal ectopic pregnancy.
As a follow-up to the most recent national update on trends in ectopic pregnancy management in the United States reference data from 1990 to 1992, 6 the aim of this study is to (i) describe the national frequency, prevalence and temporal trends of inpatient surgical management for tubal ectopic pregnancy from 1998 to 2011 and (ii) identify patient-and hospital-level factors associated with surgical management of ectopic pregnancy.
Methods

Study design and data source
We conducted a retrospective, cross-sectional analysis of patients who were treated for tubal ectopic pregnancy in an inpatient hospital setting in the United States from 1998 to 2011 using data from the Nationwide Inpatient Sample (NIS) databases. The NIS is part of a collection of health care databases created under the Healthcare Cost and Utilization Project (HCUP), and it currently constitutes the largest allpayer, publicly available inpatient database in the United States.
14 Each year the NIS stratifies all nonfederal community hospitals from participating states (1049 hospitals in 46 states in 2011) into groups based on five major hospital characteristics: rural/ urban location, number of beds, geographic region, teaching status and ownership. Within each stratum, a 20% sample from hospitals is drawn using a systematic random sampling technique. All inpatient discharges from each sampled hospital are included in the NIS, and HCUP provides discharge-level sampling weights so that national frequency and prevalence estimates account for the two-stage cluster sampling design.
Study population
To determine the study population, we first restricted to inpatient discharges among adult women of reproductive age (18-50 years 
Statistical analysis
We used descriptive statistics to describe the national frequency and rate of tubal ectopic pregnancy in the inpatient setting, both overall and by patient-and hospital-level characteristics. For the determination of prevalence rates, the numerator included all tubal ectopic pregnancies and the denominator consisted of 'maternal inpatient hospitalizations', defined by the presence of a maternal diagnosis or procedure on record, or a major diagnostic category of 14 (pregnancy, childbirth and puerperium). Temporal trends were estimated and characterized using joinpoint regression (JRP). The JPR is used to identify statistically significant changes in the rate of events over time 16, 17 by iteratively determining the optimal number of 'joinpoints' that can be used to fit, in this case, annual rate data. In the final model, each joinpoint corresponds to a statistically significant change (increase or decrease) in the temporal trend, and an annual percent change (APC) is calculated to describe how the rate changes within that time interval. The JPR also estimates the average APC (AAPC), which characterizes the trend over the entire study period, even when there are significant changes in the trend over time.
Descriptive statistics and JPR was also used to describe the overall and subgroup rates and temporal trends of surgical management approaches (salpingectomy vs salpingotomy/salpingostomy) at the timing of tubal ectopic pregnancy. Survey logistic regression was used to calculate odds ratios (OR) and 95% confidence intervals (CI) that represent the association between the surgical management approach and each patient/hospital-level characteristic and the presence of state-mandated IVF coverage. We constructed a crude (unadjusted) model for each factor and then a single multivariable model that adjusted for all potentially confounding variables simultaneously. Statistical analyses were performed with SAS (version 9.4; SAS Institute, Inc.) and the JPR program (version 4.1.1.3). 17 We assumed a 5% type I error rate for all hypothesis tests (two-sided). Due to the de-identified nature of NIS data, this study was classified as exempt by the Baylor College of Medicine and the University of South Florida Institutional Review Boards.
Results
Between 1998 and 2011 in the United States, there were an estimated 334 639 tubal ectopic pregnancies among nearly 60 million maternal inpatient hospitalizations for women aged 18-50. There were an average of nearly 24 000 tubal ectopic pregnancies each year in the inpatient setting, and these constituted 82.2% of all ectopic pregnancies managed as inpatients; other subtypes included ovarian, abdominal and other or unknown. During the study period, the tubal ectopic pregnancy rate in the study population (hospitalized patients for inpatient management; per 10 000 maternal admissions) decreased from 77.2 in 1998 to 40.5 in 2011, with a 4.8% average annual decrease (95% CI: −5.1, −4.4) ( Table 1) . These declining temporal trends of tubal ectopic pregnancy were observed in nearly every sociodemographic and clinical subgroup. The proportion of tubal ectopic pregnancies that had a concomitant intrauterine pregnancy (i.e., heterotopic pregnancy) was 2.7% overall without significant change over time.
Several factors were associated with an increased likelihood of tubal ectopic pregnancy (Table 1) . After adjusting for confounders, women aged 25-34 years were 1.75 times more likely to have a tubal ectopic pregnancy than women aged 18-24 years. Women aged 35 years and older were 2.5 times more likely to have a tubal ectopic pregnancy when compared with women in the age range of 18-24 years. NH-Black women were nearly two times as likely as NH-White women to have an ectopic pregnancy (OR = 1.83; 95% Surgical management of tubal ectopic pregnancies included 245 786 patients (73.4%) that received unilateral salpingectomy and 42 730 patients (12.8%) that received salpingotomy/salpingostomy. The remainder (13.8%) either had another form of adnexal surgery or other, nonsurgical medical management. The proportion of tubal ectopic pregnancies for which salpingotomy/salpingostomy was performed decreased from 17.0% in 1998 to 7.0% in 2011, while the rate of salpingectomy increased from 69.3% in 1998 to 80.9% in 2011 (Fig. 1) . The JPR identified a (Fig. 2) . Several characteristics were associated with the surgical management of tubal ectopic pregnancies (Table 2 ). Increasing maternal age was associated with an increased likelihood of salpingectomy, with women aged 35 years and older having nearly threefold increased odds (OR = 2.87; 95% CI: 2.66, 3.10) of salpingectomy compared to those aged 18-24 years. Other patient-related factors found to be associated with an increased likelihood of undergoing salpingectomy included: race/ethnicity other than NH-white, lower household income and having government or nonprivate insurance. Admissions during the weekend (OR = 1.11; 95% CI: 1.05, 1.18) and through the emergency room (OR = 1.39; 95% CI:
1.31, 1.48) were more likely to lead to salpingectomy. There were also geographic differences in surgical management even after adjustment for potential confounders, with the highest likelihood of salpingectomy (vs salpingotomy/salpingostomy) in the south and the lowest odds in the west. The presence of state-mandate insurance coverage of IVF was not significantly associated with the surgical management approach ( Table 2 ).
Discussion
We found that the overall rate of tubal ectopic pregnancy managed in inpatient settings in the United States decreased 5% annually between 1998 and 2011. Whether this reflects a true decline in the occurrence of ectopic pregnancy, an increase in outpatient medical management of ectopic pregnancy or a combination of both factors is not clear. Our study found an 82% rate of tubal ectopic pregnancy overall, which is lower than the reported rate of 95% of all ectopic pregnancies. 1 The reason for this discrepancy is unclear. It could be speculated that ectopic pregnancies that occur in the ovary or elsewhere are more likely to present and be managed as an inpatient rather than on an outpatient basis. Increasing maternal age, as reported previously, 1 remained a risk factor for ectopic pregnancy. Similarly, we observed an increased likelihood of tubal ectopic pregnancy in NH-black women compared with other racial/ethnic groups studied, as reported previously. 18 In 2014, NH-whites had a higher rate of health insurance than NH-blacks and Hispanics, and the government coverage rate was highest for NH-blacks. 19 Based on these data, nearly three-quarters of tubal ectopic pregnancies managed in the inpatient setting in the United States were managed surgically with salpingectomy. Between 1998 and 2011, this gap continued to widen in increasing favor of performing salpingectomy. Available data to date suggest that salpingostomy may result in improved intrauterine pregnancy rates in women with contralateral tubal disease and other infertility factors. 9 However, there is an increased risk of persistent trophoblastic tissue 12 and repeat ectopic pregnancy. Moreover, there may be less concern about the need for tubal conservation in women with access to IVF. 9 Although some retrospective studies have shown no difference in subsequent fertility rates between salpingostomy and salpingectomy, 20, 21 other studies have reported higher intrauterine pregnancy rates after salpingostomy. 9, 22, 23 A prospective analysis of 1064 women in which ectopic pregnancies were managed by either conservative or radical surgery found no significant difference in intrauterine pregnancy rates. However, the same study demonstrated higher intrauterine pregnancy rates after conservative surgery specifically in women with a history of infertility, tubal disease and age greater than 35 years. 7 The European Surgery in Ectopic Pregnancy (ESEP) study reported similar cumulative ongoing pregnancy rates of 60.7% after salpingostomy and 56.2% after salpingectomy. 12 The rate of recurrent ectopic pregnancy was 8% in the salpingostomy group and 5% in the salpingectomy group, which was not significant, and persistent trophoblastic tissue was significantly more likely to occur after salpingostomy. 12 In arm 2 of the DEMETER [Greek goddess of the fertility of earth] trial, 199 patients were randomized to either salpingostomy with methotrexate or salpingectomy. Cumulative 24-month intrauterine pregnancy rates were 70% and 64% in the salpingostomy and salpingectomy groups, respectively, a difference that was not statistically significant. Recurrent ectopic pregnancy after salpingostomy with methotrexate was 8% versus 12.5% in the salpingectomy arm. 13 Considering the relatively low pregnancy rates reported in the ESEP and DEMETER studies, it is likely that many women will require infertility treatment following management of ectopic pregnancy. Data are limited on subsequent IVF success rates after ectopic pregnancy management. Surgery could have an effect on ovarian reserve if ovarian blood supply is affected, and methotrexate could have a mild gonadotoxic effect. Pereira et al. evaluated the outcome of subsequent IVF cycles after either salpingectomy or methotrexate treatment for ectopic pregnancy. With the exception that patients with prior salpingectomy required higher doses of gonadotropins, cycle characteristics and live birth rates were similar. 24 Currently, there is no data comparing IVF outcomes after either salpingectomy or salpingostomy. 8 It is important to note that the observed positive trend for salpingectomy and the negative trend for salpingostomy in this study were found regardless of the state mandate insurance coverage for IVF. As only inpatient ectopic pregnancies were studied, ectopic pregnancies that require inpatient management may be more advanced both in relation to gestational age and clinical status. Therefore, a salpingectomy may be more likely to be performed in these situations, regardless of the IVF-mandate status.
Patient preference is an important component in surgical decision-making when it comes to the selection of a surgical approach. In a study that surveyed women on their preference for the choice of surgical management of ectopic pregnancy, it was found that women valued salpingostomy and salpingectomy equally if both treatments would result in the same pregnancy rate and would have the same risk of persistent trophoblastic tissue and repeat ectopic pregnancy. 25 The major strength of our study was the size of the NIS database, the largest inpatient database in the United States. This enabled us to obtain robust, nationally representative, annual data on trends in the inpatient surgical management on ectopic pregnancy, which was particularly useful when presenting data specific to age-, racial/ethnic-and socioeconomic-specific subgroups. However, the use of NIS data has limitations. First, the NIS relies exclusively on ICD-9-CM codes for identifying medical conditions and procedures. These codes have suboptimal quality due to errors both in translation of information from the medical record into an appropriate code and in entry of codes into hospital databases. Second, we could not analyze the rates of salpingectomy/salpingostomy based on other important clinical determinants including: condition of the contralateral tubal, future fertility desire and serum Human Chorionic Gonadotropoin (HCG) concentration. Finally, this database included inpatients only; so patients treated in the outpatient settings were not available to be included in this study. Patients presenting to the inpatient setting may represent more clinically urgent cases (such as ruptured ectopic pregnancy), thereby necessitating a salpingectomy rather than a salpingostomy. The study does not include patients managed surgically on an outpatient basis, so the true overall trend between salpingectomy and salpingostomy is not known.
Taken together, the preponderance of data suggests that salpingostomy and salpingectomy offer an equivalent likelihood of intrauterine pregnancy and subsequent fertility in women with a healthy contralateral tube. The risk of retained trophoblastic tissue is higher with salpingostomy. As such, salpingectomy should be the preferred surgical approach in most instances of ectopic pregnancy. However, salpingostomy may be the preferred surgical approach in select women with contralateral tubal disease, other fertility factors and advanced reproductive age. In most instances, the trend to increased performance of salpingectomy and decreased salpingostomy noted in our study represents an appropriate management from the perspective of subsequent fertility.
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